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Abstract
Even though it is well accepted that the Earth's surface topography has been affected by mantle-convection
induced dynamic topography, its magnitude and time-dependence remain controversial. The dynamic
influence to topographic change along continental margins is particularly difficult to unravel, because their
stratigraphic record is dominated by tectonic subsidence caused by rifting. We follow a three-fold approach to
estimate dynamic topographic change along passive margins based on a set of seven global mantle convection
models. We first demonstrate that a geodynamic forward model that includes adiabatic and viscous heating in
addition to internal heating from radiogenic sources, and a mantle viscosity profile with a gradual increase in
viscosity below the mantle transition zone, provides a greatly improved match to the spectral range of residual
topography end-members as compared with previous models at very long wavelengths (spherical degrees
2-3). We then combine global sea level estimates with predicted surface dynamic topography to evaluate the
match between predicted continental flooding patterns and published paleo-coastlines by comparing
predicted versus geologically reconstructed land fractions and spatial overlaps of flooded regions for
individual continents since 140 Ma. Modelled versus geologically reconstructed land fractions match within
10% for most models, and the spatial overlaps of inundated regions are mostly between 85% and 100% for the
Cenozoic, dropping to about 75-100% in the Cretaceous. Regions that have been strongly affected by mantle
plumes are generally not captured well in our models, as plumes are suppressed in most of them, and our
models with dynamically evolving plumes do not replicate the location and timing of observed plume
products. We categorise the evolution of modelled dynamic topography in both continental interiors and
along passive margins using cluster analysis to investigate how clusters of similar dynamic topography time
series are distributed spatially. A subdivision of four clusters is found to best reveal end-members of dynamic
topography evolution along passive margins and their hinterlands, differentiating topographic stability, long-
term pronounced subsidence, initial stability over a dynamic high followed by moderate subsidence and
regions that are relatively proximal to subduction zones with varied dynamic topography histories. Along
passive continental margins the most commonly observed process is a gradual motion from dynamic highs
towards lows during the fragmentation of Pangea, reflecting the location of many passive margins now over
slabs sinking in the lower mantle. Our best-fit model results in up to 500 (± 150) m of total dynamic
subsidence of continental interiors while along passive margins the maximum predicted dynamic topographic
change over 140 million years is about 350 (± 150) m of subsidence. Models with plumes exhibit clusters of
transient passive margin uplift of about 200 ± 200 m, but are mainly characterised by long-term subsidence of
up to 400 m. The good overall match between predicted dynamic topography to geologically mapped paleo-
coastlines makes a convincing case that mantle-driven topographic change is a critical component of relative
sea level change, and indeed the main driving force for generating the observed geometries and timings of
large-scale continental inundation through time.
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𝜂(𝑇, 𝑟) = 𝐴(𝑟)𝜂!𝑒𝑥𝑝(
𝐸!(𝑟)+ (1− 𝑟)𝑉!(𝑟)
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Rayleigh	Number	 Ra	 7.5	x	107	 7.8	x	107	 5	x	108	 	
Thermal	expansion	
coefficient	
α0	 3	x	10-5	 3	x	10-5	 1.42	x	10-5	 K-1	
Density	 ρ0	 3340	 4000	 3930	 kg	m-3	
Gravity	
acceleration	
g0	 9.81	 9.81	 10	 m	s-2	
Temperature	
change	
ΔT	 2800	 2825	 3500	 K	
Mantle	thickness	 hM	 2867	 2867	 2867	 km	
Thermal	diffusivity	 κ0	 1	x	10-6	 1	x	10-6	 1	x	10-6	 m2	s-1	
Viscosity	 η0	 1	x	1021	 1	x	1021	 1	x	1021	 Pa	s	





















Tη	 1400	 452	 560	 K	
Dissipation	
Numberb	
Di	 N/A	 N/A	 0.8	 	
Background	mantle	
temperaturec	
Tb	 1400	 1685	 Depth-
dependent	
K	











Name/Acronym	 Plate	Model	 Viscosity	profile	 Additional	notes	





Model	2	 Seton	et	al.	(2012)	 1,0.1,1,100	 Müller	et	al.	(2016)	
Model	3	
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Supplementary	figures	to	“Dynamic	topography	of	passive	continental	
margins	and	their	hinterlands	since	the	Cretaceous”	by	R.D.	Müller,	R.	
Hassan,	M.	Gurnis,	N.	Flament,	S.E.	Williams.	
	
	
	
	
	
Supp.	Fig.	1.		Modelled	dynamic	topography	in	model	M2	at	10	Myr	intervals,	with	
reconstructed	continents	(Seton	et	al.,	2012)	overlain.	
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Supp.	Fig.	2.	Modelled	dynamic	topography	in	model	M4	at	10	Myr	intervals,	with	
reconstructed	continents	(Van	Der	Meer	et	al.,	2010)	overlain.	
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Supp.	Fig.	3.	Modelled	dynamic	topography	in	model	M5	at	10	Myr	intervals,	with	
reconstructed	continents	(Seton	et	al.,	2012)	overlain.	
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Supp.	Fig.	4.	Modelled	dynamic	topography	in	model	M6	at	10	Myr	intervals,	with	
reconstructed	continents	(Müller	et	al.,	2016)	overlain.	
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Supp.	Fig.	5.	Low-degree	(1-3)	spherical	harmonic	representations	of	present-day	modelled	
dynamic	topography	in	models	M1,	M3	and	M7.	
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Supp.	Fig.	6.	(a)	The	distribution	of	oceans	and	continents	predicted	in	model	M2,	based	on	
the	H87	long-term	sea	level	curve,	is	shown	in	the	first	column	at	labelled	ages	(see	methods	
for	more	details).	The	second	column	shows	equivalent	predictions	based	on	the	M16	sea	
level	curve.	The	distribution	of	oceans	and	continents	in	the	paleogeography	models	of	
Smith	et	al.	(1994)	and	Golonka	(2007,	2009)	are	shown	in	the	third	and	fourth	columns,	
respectively.	
	 7	
	
Supp.	Fig.	6	(b).	Evolution	of	the	fraction	of	land,	𝜏 𝑡 ,	over	the	last	140	Ma	as	predicted	in	
model	M2,	based	on	sea	level	curves	H87	(blue)	and	M16	(black)	are	shown	on	the	first	
column	for	each	labelled	continent.	Evolution	of	the	fraction	of	land,	𝜏 𝑡 ,	computed	for	
paleogeography	grids	from	Smith	et	al.	(1994)	and	Golonka	(2007,	2009)	are	also	shown	in	
red	and	green,	respectively,	for	labelled	ages	in	the	first	column.	The	yellow	and	black	curves	
in	the	second	column	show	the	evolution	of	spatial	overlap,	𝜇 𝑡 ,	(see	methods)	between	
predictions	of	inundation	patterns	within	each	continent	in	model	M2,	based	on	sea	level	
curve	H87,	and	those	from	paleogeography	grids	of	Smith	et	al.	(1994)	and	Golonka	(2007,	
2009),	respectively.	The	cyan	and	magenta	curves	show	the	equivalent	result,	but	for	sea	
level	curve	M16.	
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Supp.	Fig.	7.	(a)	The	distribution	of	oceans	and	continents	predicted	in	model	M4,	based	on	
the	H87	long-term	sea	level	curve,	is	shown	in	the	first	column	at	labelled	ages	(see	methods	
for	more	details).	The	second	column	shows	equivalent	predictions	based	on	the	M16	sea	
level	curve.	The	distribution	of	oceans	and	continents	in	the	paleogeography	models	of	
Smith	et	al.	(1994)	and	Golonka	(2007,	2009)	are	shown	in	the	third	and	fourth	columns,	
respectively.	
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Supp.	Fig.	7	(b).	Evolution	of	the	fraction	of	land,	𝜏 𝑡 ,	over	the	last	140	Ma	as	predicted	in	
model	M4,	based	on	sea	level	curves	H87	(blue)	and	M16	(black)	are	shown	on	the	first	
column	for	each	labelled	continent.	Evolution	of	the	fraction	of	land,	𝜏 𝑡 ,	computed	for	
paleogeography	grids	from	Smith	et	al.	(1994)	and	Golonka	(2007,	2009)	are	also	shown	in	
red	and	green,	respectively,	for	labelled	ages	in	the	first	column.	The	yellow	and	black	curves	
in	the	second	column	show	the	evolution	of	spatial	overlap,	𝜇 𝑡 ,	(see	methods)	between	
predictions	of	inundation	patterns	within	each	continent	in	model	M4,	based	on	sea	level	
curve	H87,	and	those	from	paleogeography	grids	of	Smith	et	al.	(1994)	and	Golonka	(2007,	
2009),	respectively.	The	cyan	and	magenta	curves	show	the	equivalent	result,	but	for	sea	
level	curve	M16.	
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Supp.	Fig.	8.	(a)	The	distribution	of	oceans	and	continents	predicted	in	model	M5,	based	on	
the	H87	long-term	sea	level	curve,	is	shown	in	the	first	column	at	labelled	ages	(see	methods	
for	more	details).	The	second	column	shows	equivalent	predictions	based	on	the	M16	sea	
level	curve.	The	distribution	of	oceans	and	continents	in	the	paleogeography	models	of	
Smith	et	al.	(1994)	and	Golonka	(2007,	2009)	are	shown	in	the	third	and	fourth	columns,	
respectively.	
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Supp.	Fig.	8	(b).	Evolution	of	the	fraction	of	land,	𝜏 𝑡 ,	over	the	last	140	Ma	as	predicted	in	
model	M5,	based	on	sea	level	curves	H87	(blue)	and	M16	(black)	are	shown	on	the	first	
column	for	each	labelled	continent.	Evolution	of	the	fraction	of	land,	𝜏 𝑡 ,	computed	for	
paleogeography	grids	from	Smith	et	al.	(1994)	and	Golonka	(2007,	2009)	are	also	shown	in	
red	and	green,	respectively,	for	labelled	ages	in	the	first	column.	The	yellow	and	black	curves	
in	the	second	column	show	the	evolution	of	spatial	overlap,	𝜇 𝑡 ,	(see	methods)	between	
predictions	of	inundation	patterns	within	each	continent	in	model	M5,	based	on	sea	level	
curve	H87,	and	those	from	paleogeography	grids	of	Smith	et	al.	(1994)	and	Golonka	(2007,	
2009),	respectively.	The	cyan	and	magenta	curves	show	the	equivalent	result,	but	for	sea	
level	curve	M16.	
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Supp.	Fig.	9	(a).	The	distribution	of	oceans	and	continents	predicted	in	model	M6,	based	on	
the	H87	long-term	sea	level	curve,	is	shown	in	the	first	column	at	labelled	ages	(see	methods	
for	more	details).	The	second	column	shows	equivalent	predictions	based	on	the	M16	sea	
level	curve.	The	distribution	of	oceans	and	continents	in	the	paleogeography	models	of	
Smith	et	al.	(1994)	and	Golonka	(2007,	2009)	are	shown	in	the	third	and	fourth	columns,	
respectively.	
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Supp.	Fig.	9	(b).	Evolution	of	the	fraction	of	land,	𝜏 𝑡 ,	over	the	last	140	Ma	as	predicted	in	
model	M6,	based	on	sea	level	curves	H87	(blue)	and	M16	(black)	are	shown	on	the	first	
column	for	each	labelled	continent.	Evolution	of	the	fraction	of	land,	𝜏 𝑡 ,	computed	for	
paleogeography	grids	from	Smith	et	al.	(1994)	and	Golonka	(2007,	2009)	are	also	shown	in	
red	and	green,	respectively,	for	labelled	ages	in	the	first	column.	The	yellow	and	black	curves	
in	the	second	column	show	the	evolution	of	spatial	overlap,	𝜇 𝑡 ,	(see	methods)	between	
predictions	of	inundation	patterns	within	each	continent	in	model	M6,	based	on	sea	level	
curve	H87,	and	those	from	paleogeography	grids	of	Smith	et	al.	(1994)	and	Golonka	(2007,	
2009),	respectively.	The	cyan	and	magenta	curves	show	the	equivalent	result,	but	for	sea	
level	curve	M16.	
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